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QEEL/C 72-127 

REPORT BRIEF 
EAGLE-PICHER COMPANY 

20.0 AMPERE-HOUR NICKEL -CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 

Ref: (a) NASA P. 0. S-23404-G 

(b) Acceptance Test Procedure for Nickel -Cadmium Cells: 

NAD 3052-TP304 Rev A, 14 May 1970 

I. TEST ASSIGNMENT BRIEF 

A. The purpose of this acceptance test program is to insure that 
all cells put into the life cycle program are of high quality by the 
removal of cells found to have electrolyte leakage, internal shorts, 
low capacity, or inability of any cell to recover its open circuit 
voltage above 1.150 volts on the cell short test. 

B. The 29 cells were purchased by National Aeronautics and Space 
Administration, Goddard Space Flight Center, from Eagle-Picher Company, 
Joplin, Missouri. These cells are rated at 20.0 ampere-hours and 

they consisted of three groups: (1) 11 cells had the fuel cell 

auxiliary electrode (Aux E) (2) 9 cells contained the teflon rolled 
captured platinum auxiliary electrode and (3) 9 cells contained the 
teflonated sintered nickel plaque auxiliary electrode. All the cells 
contained double ceramic seals. The testing was funded in accordance 
with reference (a). 

II. SUMMARY OF RESULTS 


A. The capacity of the 29 cells ranged from 21.7 to 28.8 ampere- 
hours. All cells exceeded the rated capacity on all three capacity 
checks. 

B. Five cells failed to recover to 1.150 volts: serial nunter 18 

of the teflon rolled, captured platinum group and serial numbers 7, 8 , 
9 and 10 of the teflonated, sintered nickel plaque group. 

C. During the overcharge tests, 15 of the 29 cells had to be 
removed from charge before completion of the respective tests due to 
high pressure. 

TYPE OF AUXILIARY ELECTRODE SERIAL NUMBERS OF CELLS REMOVED 


Fuel Cell 

Teflon Rolled, Captured Platinum 
Teflonated, Sintered Nickel Plaque 


5, 11 , 12, 15, 21 , 22 

6, 7, 8, 10, 16, 17, 18, 13, 20 
none 
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D. Auxiliary electrode characterization tests were conducted to 
determine the maximum signal power across the electrodes. The auxiliary 
electrode resistance corresponding to maximum signal power for the 
respective auxiliary electrode types -is tabulated as follows: 

TYPE OF AUXILIARY ELECTRODE AVERAGE RESISTANCE VALUE 

Fuel Cell 1.0 ohm 

Teflon Rolled, Captured Platinum 0.5 ohm 

Teflonated, Sintered Nickel Plaque 2.0 ohms 

E. Eleven of the 29 cells gave indication of leakage during one 
of the three leak tests. Most of the indications were around the 
fill tube and negative terminals following the second and third 
leak tests . 

III. ‘RECOMMENDATIONS 

A. It is recommended that these Eagle-Picher cells undergo life 
cycling test to gain more knowledge of their performance on life testing. 
This recommendation takes into account the difficulties with over- 
charge. 
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RESULTS OF ACCEPTANCE TEST 
OF 

20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 
MANUFACTURED BY 
EAGLE-PI CHER COMPANY 

I. TEST CONDITIONS AND PROCEDURE 

A. All acceptance tests were performed at an ambient temperature 
between 23° C and 27° C at existing relative humidity and atmospheric 
pressure, in accordance with reference (b) and consisted of the 
following: 

1. Phenol phthalein Leak Test. 

2. Three Capacity Checks. 

3. Cell Short Test. 

4. Phenol phthalein Leak Test. 

5. Overcharge Tests, c/20 and c/10 Rates. 

6. Special Resistance Test of Auxiliary electrodes 
(between c/20 and c/10 overcharge rates). 

7. Internal Resistance. 

8. Phenolphthalein Leak Test. 

See Appendix I for detailed test procedure. 

II. CELL IDENTIFICATION AND DESCRIPTION 


A. The cells were identified by the manufacturer's serial numbers 
and by group according to the type auxiliary electrode they contained. 


This latter information was supplied 
TYPE OF AUXILIARY ELECTRODE 
Fuel Cell 

Teflon Rolled, Captured Platinum 
Teflonated, Sintered Nickel Plaque 


by Goddard Space Flight Center. 

MANUFACTURER'S SERIAL NUMBER 

2, 3, 4, 5, 11 , 12, 13, 14, 15, 

21, 22 

6, 7, 3, 10, 16, 17, 18, 19, 20 
1, 2, 4, 5, 6, 7, 8, 9, 10 
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B. The 20.0 ampere-hour is rectangular wi th the 
weights and dimensions tabulated below. 

average physical 

TYPE OF AUXILIARY ELECTRODE 

WEIGHT 

(g) 

HEIGHT 

(in) 

LENGTH 

(in) 

WIDTH 

(in) 

Fuel Cell 

918.6 

6.245 

1.100 

3.223 

Teflon Rolled, Captured Platinum 

923.9 

6.232 

1 .221 

3.219 

Teflonated, Sintered Nickel Plaque 

899.1 

7.133 

0.907 

3.006 


C. The cell containers and the c ell covers are made of stainless 
steel. The positive and negative terminals are insulated from the 
cell covers by ceramic seals and protrude through the cover as 
solder type terminals. The auxiliary electrode terminal consists of 
a stainless steel tab welded to the cell cover. 


III. RESULT$--The following data was condensed from Tables II through IV. 
A. Average Capacity (ampere-hours) 


TYPE OF AUXILIARY ELECTRODE 
Fuel Cell 

Teflon Rolled, Captured Platinum 
Teflonated, Sintered Nickel Plaque 
B. Average Recovery Voltage 
TYPE OF AUXILIARY ELECTRODE 
Fuel Cell 

Teflon Rolled, Captured Platinum 
Teflonated, Sintered Nickel Plaque 


CAPACITY 

CAPACITY 

CAPACITY 

CHECK 1 

CHECK 2 

CHECK 3 

25.5 

26.6 

24.1 

24.1 

27.7 

25.3 

24.6 

26.9 

25.4 


24-HOUR RECOVERY FROM DEAD SHORT 

1.177 volts 
1.176 
0.662 
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C. Average End-of-Overcharge Voltage: 


TYPE OF 

AUXILIARY ELECTRODE c/10 c/20 c/10 



Cell 

Aux. E. 

Cell 

Aux. E. 

Cell 

Aux. 1 

Fuel Cell 

1.438 

1.043 

1.399 

1.006 

1.416 

0.394 

Teflon Rolled, 

Captured Platinum 

1 .431 

1.059 

1.420 

1.063 

1.437 

1.067 

Teflonated, Sintered 

Nickel Plaque 

1.424 

0.731 

1.438 

0.731 

1.456 

0.685 


1. All cells of the teflon rolled, captured platinum group 
and six of the fuel cell type auxiliary electrode were removed early 
from overcharge due to high pressure. 

D. Special Test for Determining the Resistance Giving Maximum 
Signal Power From the Auxiliary Electrode. 

1. This test was conducted following the c/20 overcharge and 
prior to the c/10 overcharge on 15 of the 29 cells. The 15 cells were 
all equipped with gauges. The c/20 rate had to be reduced stepwise 
(halving each time) to c/80 to keep the pressures from rising or. all 
cells except the group having the teflonated, sintered nickel plaque. 

TYPE OF AUXILIARY ELECTRODE RESISTANCE FOR MAXIMUM POWER 

Fuel Cell 1.0 ohm 

Teflon Rolled, Captured Platinum 0.5 ohm 

Teflonated, Sintered Nickel Plaque 2.0 ohms 

E. Average Internal Resistance: 


TYPE OF AUXILIARY ELECTRODE 
Fuel Cell 

Teflon Rolled, Captured Platinum 
Teflonated, Sintered Nickel Plaque 


CELL 

2.2 mi Hi ohms 
2.7 mi Hi ohms 
1 .6 mi lli ohms 


AUXILIARY ELECTRODE 
56.9 mi Hi ohms 
32.8 milliohrns 
12.7 milliohrns 
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F. Each cell was subjected to three leak tests. On these tests, 
11 cells gave indication of leakage. Most leaks were visible around 
the fill tube and negative terminal following the second and third 
leak tests . 
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APPENDIX I 
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I. TEST PROCEDURE 

A. Phenolphthalein Test: 

1. The phenol phthalein leak test is a determination of the 
condition of the welds and ceramic seals on receipt of the cells. 

This test was performed prior to any other tests, with a phenolphtha- 
lein spray indicator solution of one-half of one percent concentration. 

B. Capacity Tests : 

1. The capacity test is a determination of the cell capacity 
at the c/2 discharge rate, where c is the manufacturer's rated capacity 
to a cutoff voltage of 1.00 volt per cell. The discharge was made 
after a 1-hour open circuit period following the 16-hour charge at the 
c/10 rate. A total of three capacity checks was made at this activity. 
The cells were discharged individually, but were recharged in series. 

C. Cell Short Test 

1. The cell short test is a means of detecting slight shorting 
conditions which may exist because of imperfections in the insulating 
materials, or damage to element in handling or assembly. 

2. Following completion of the third capacity discharge test, 
each cell was loaded with a 0.5 ohm, 3 watt resistor for 16 hours. 

At the end of 16 hours, the shorting resistors were removed and the 
cells were placed on open circuit stand for 24 hours. Any cell whose 
voltage did not recover to 1.150 volts or higher was considered as 
failing this portion of the acceptance test. 

D. Leak Test 

1. The leak test is a means of detecting leakage of a seal 
or weld. The test was performed before and after the overcharge 
test sequence to determine the presence of leaks. 

2. The cells were placed in a vacuum chamber and exposed to 
a vacuum of 40 microns of mercury or less for 24 hours. The cells 
were ther removed from the vacuum chanter and sprayed with phenol- 
phthalein. Pink or redish discolorations would indicate leakage. 
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E. Overcharge Test 

1. The purpose of this test is basically threefold: 

a. To determine the degree to which a pack of cells 
maintain a balanced voltage. 

b. To determine the cells capability of reaching a 
point of chemical equil1brium--oxygen recorrbi nation with the nega- 
tive (cadmium) plate. 

c. To test the integrity of the seals as the pressure 

increases. 

2. The overcharge tests were performed to determine the 
steady state voltage at specified rates. The test specified a series 
of constant-current charges at c/10, c/20 and c/10 for a minimum of 
16 hours at each charge rate. The first c/10 rate serves to estab- 
lish a condition of overcharge. 

3. The cells were monitored hourly throughout the test. 
Charging was to be discontinued on cells which exceeded 1.500 volts or 
100 psig. 

4. The special resistance characterization tests for the 
auxiliary electrodes were conducted following the c/20 overcharge 

and prior to the c/10 overcharge. The cells were maintained or charge 
at c/20 provided the voltage and pressure limits were not exceeded. 
Goddard Space Flight Center specified that the pressure be maintained 
as near 0 psig as possible and still charge the cells. 

a. A decade resistance box was hooked across the auxiliary 
electrode of each cell (auxiliary electrode terminal to negative ter- 
minal) such that the resistance could be conveniently and precisely 
varied. 


b. The sequence of resistance changes (ohms) were: 10,000, 

5000 , 2000 *,1000 , 500 , 200;100, 50 , 20;10, 5, 2;1, 0.5, 0.2;and 0.1. 

A period of approximately 5 minutes was allowed for the equilibrium 
of the auxiliary electrode voltage to re-establish itself after each 
resistance change. This equi librium was verified by observation of 
a strip chart recorder monitoring the auxiliary electrode voltage of 
each cell. 
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c. Data thus obtained was converted to paver urits in 
milliwatts as illustrated at the foot of Table IV. The resistance 
value giving the maximum power of the auxiliary electrode signal is 
thus chosen for the auxiliary electrode resistance. 

F. Internal Resistance: 

1. Imnedi ately fol laving the overcharge test, the internal 
resistance was measured across the cell terminals and across the 
auxiliary electrodes (from auxiliary electrode terminal to negative 
terminal). These measurements were made with a Hewlett-Packard 
mi 11 iohmmeter (Model 4328A) . 

G. Leak Test: 

1. Following the internal resistance measurements, the cells 
were still in a charged state. The cells were discharged at c/2 to 
0.00 volt and shorted prior to the final leak test. The shorted cells 
were then placed in a vacuum chamber and the procedure described in 
paragraph I.D.2. was repeated. 
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TABLE II 

CAPACITY CHECK DATA 
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SERIAL 

NUMBER 


FIRST CAPACITY CHECK 


END-OF-CHAKGE END-OF-DISCHARGE 


CELL 

■ 

m 

LECT 

(Volts) 

(V 

olts) 


l**^li 


HVT 9 


m /9 


wtm 


wsm 

wmm 

1.412 

warn 

HRS 

/.V/6 

/.Olt 

/•Vit 

0-W 


SECOND CAPACITY CHECK 


END-OF-CHARGE [ END-OF-DISCHARGE 



CAPAC- 

ITY 

(ah) 


AUX 

ELECT 

(Volts) 



( Vol ts ) 



0.7V5 - 


/•VS 7 

1-0*1 

0.7 g 2 

-2 k 

/•Vi? 

1.00 8 

o. 74./ 

- 9 

/•VV/ 

l.o«3 

fSIffM 

IS5SH 

hi 

E ..II - 

-25 


CAPAC- 

ITY 

(ah) 


(Volts) 



THIRD CAPACITY CHEC 


END-OF-CHARGE 


CAPAC- 
PRESS ITY 
(Volts) I * (ah) 




0.750 


o.m 


0.7V/ 


0.7 Sg 


o.ai 

2 


mm m 


I. V3 


/•VVV 


/. VVA 


/.w7 



o.m 


o.VH 


o.7?7 


0.M5T 


0.7JS* 


0.73 



* Negative values are interpreted as i.oches of mercury vacuum, while positive values are psiq. 



























































































TABLE II 

CAPACITY CHECK DATA 
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SECOND CAPACITY CHECK 


END-OF-CHARGE END-OF-DISCHARGE 


THIRD CAPACITY CHEC 


END-OF-CHARGE I END-OF-DISCHARGE 



♦Negative values are interpreted as inches of mercury vacuum, while positive values are psig. 





























































































































































































































































SERIAL CELL SHORT TEST 




NUMBER 

Recovery Voltage 
after 24 Hours 

CELL 

AUX 

ELECT 

PRESS 

CELL 


(Volts) 

(Volts) 

(Volts) 

★ • 

(Volts) 



l.iSi 


I . I 6V 


I ■ /«S- 


i.m 


I . loo 


1.173 


1.169 


1.193 


3.1 76 


1 .190 


l .117 


The la 





/. HU 


/. ViV 


/. VVJ 




/.Vi/ 


I. HSS 


/ . VS-i' 


1.633 


*St 


1.107 1 +50 


/.37V 


/. VZ5 


I. Vii5 


/. VV 


I.ie3 


UX 

ECT PRESS 
Its) * 


CELL 

(Volts) 


/ .0*6 


0.9W 


I .063 


I . / 07 


/.oo* 


-C'A Af \ 


DITIONING 


I. OHO 


0.li6 



Hegative values are interpreted as inches of mercury vacuum, whil 


ile positive values are psig. 



0.3i V 


ai- tpCn, 3a!f|t3 























































































Negative values are interpreted as inches of mercury vacuum, while positive values are psig. 
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TABLE IV 

SPECIAL RESISTANCE TEST DATA ON THE AUXILIARY ELECTRODES 


SERIAL NO. 


OHMS 


10,000 


5,000 


2,000 


1,000 


500 


200 


100 


50 


20 


10 


5 


2 



II 

12 

VOLTS 

PRESS 

VOLTS 

PRESS 

/ . 053 

B 

1.0 50 

Bl 

/ .097 

B 

1.047 

-10 

/.02S 

B 

1. 029 

-4 

/.OOV 

B 

1 .01 4 

- 9 

0.98/ 

+ 3 

1 -033 

- 8 

0.939 

B 


- 7 

0.902 

B 

0.960 

Bl 

0.865- 

B 

0.99/ 

-5 

0 796 

B 

0.9 04 

-2 

0.7/7 

+ 6 

0.863 

B 

0.604 

+ 8 

0.799 

B 

0.4/3 

B 

0.605 

B 

0.274 

flO 

0 .- 3 ?^ 

B 

0/65 

B 

0 .224 

B 

0 .083 

4/3 

0.107 

43 

0.049 

1-/4 

0 ,OiH 

Bl 


1.064 


1.061 <-6 



0.944 +7 


5 0.9*4 +7 


0 .8/ 4 


0.75/ 


0.535 



VOLTS 

PRESS 

1.068 


1.064 

48 

i .045 

4? 

/.Oi4 

44 

1 .003 

+9 

0.970 

+9 

0.939 

49 

HU 

49 

0 .835 

+4 

0.769 

49 

0 . 680 

49 

0 . 5/9 

48 

0.392 

46 

0.266 

45 

o. m 

+3 

0.086 

42 


l.oia 


I .077 +29 


1.059 ^-24 


/.040 +29 


1.0(9 +28 


0.9 8 2 +28 


0.945 +28 


o.90< +30 


0 .?i 4 +30 



1. F«*c/ Call Type <4u*.|iary EI«t>We 

46 . Resistance prodtctioj} m^'+nanr 
Signal power 


POWER = I_ Watts 10 3 
R 


Milliwatts 


0 ,06V 


: Milliwatts 


AVERAGE 



VOLTS 


I .063 


I .059 


I . OMO 


/.oil 


I .008 


0.96 8 


o .938 


0 . 90 V 


0.846 


o.7?2 


O .695' 


0.52V 


0.378 


.23 3 


0.112 


69 


MILLIWATTS 


0 . I I 3 


. 2 


O. 541 


I . 09 


2.0J 


4.69 


8.80 


’/6.3 


35.? 


6 l.Z 


96.6 


m.o 


/43.0 


/o?,0 


63.8 


46.2 
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TABLE IV 

SPECIAL RESISTANCE TEST DATA ON THE AUXILIARY ELECTRODES 


SERIAL NO. 

16 

/ 7 

OHMS 

VOLTS 

PRESS 

VOLTS 

PRESS 

10 ,000 

1 .076 

+M 

/ .069 

+ 6 

5,000 

1 .079 

+V 

7.065 


2,000 

1 .059 

m 

1 .099 

+6 

1,000 

1 .093 

m 

/ ,03V 

*6 

500 

1 .025 

in 

/ .020 

+t 


) .015 H3 / .0?5| + 13 I I -Of5 


I . 076 +74 7.0*9 +(t* 1.090 fit 


/•Otf + 79 


/ . + 2 / 


7.0S0 


l -Oil] + l9 1.072 +19 


/.07V til /.06V 4X1 


0.999 1 +«f 


+ 23 / .052 fiV 


/ -OVV +2fc / .03/ +26 


100 

0.979 

i-V 

0.969 

* 7 

/ .01/ 

— 
+ 26 

1 -023 

til 

1-009 

50 

0.99S 

+5 

0.992 


0.996 

+ 27 

0.997 

ill 

0.972 

20 

0.900 

65 

0 .900 

+7 

0 .939 

+28 

0.99} 

m 

0.932 

10 

0.952 

m 

0 .257 

m 

0 .992 

+29 

0 .F97 

H9 

0 .921 

5 

0.791 

6<o 

0 .797 

dn 

0 .191 

+2? 

0.932 

tn 

0 .116 

2 

0.679 

45 

0 .691 

613 

0 .7 23 

627 

0 -72 V 

tii 

0 .701 

1 

O .59/ 

Rl 

0 .56/ 

Hi 

0 .606 

+2V 

0 .603 

U6 

O.S79 

0.5* 

0 .166 

+ 2 

0 .906 

d/9 

0 .997 

+27 

0 .929 

*23 

0.933 

0.2 

0 .156 

+ / 

0 . lot 

d/3 

0.2o/ 

+ 77 

0 .209 

720 

0 .199 

0.1 

0.079 

0 

0 .122 

d/3 

0 .099 

HZ 

0.103 

+IV 

0.130 


i. Teflon Rolled, Capture P)atin»nn 

cn.**;iia.ry electrode 
)f. Resilience producing miximum 

Signal power 


POWER = Watts 10^ M ^Watt ttS ■' Milliwatts 
R 


AVERAGE 


I • 0?2 


I . o 77 


1.064 


I.0S5 


I .042 


I .0(9 


0.997 


0.970 


0.97 V 


0 .£76 


0.913 


0.701 


o .577 


0. 


0.20V 


0 .107 


MILLIWATTS 


O . Ill 


o . m 


O -S69 


/ -II 


X.l 7 


5 -.19 



W-o 


109.0 


HH-0 


16 








































































































































































TABLE IV 

SPECIAL RESISTANCE TEST DATA ON THE AUXILIARY ELECTRODES 


SERIAL NO. 

L 

OHMS 

VOLTS 

PRESS 

10,000 

0 .?7V 

t/V 

5,000 

o . ?sy 

+ <W 

2,000 

O .80S 

+ 19 

1 ,000 

0 .1HO 

tN 

500 

0 . 66/ 

1 

200 

o .sw 

tlH 

100 

0 .166 

m 



VOLTS PRESS VOLTS 

PRESS 

VOLTS PRESS 

mmm 

+6 

0.?*6 M 

0 .& 6 S tS 0 .til 

+6 

mn 

■■mb 


nn 

0 . 733 +S 0 .723 

16 

0 .? 2 / t lo 

0 .6 99 vs 0.639 

16 

HU 

0 .5*39 tiT 0.52f 

t 6 

nn 

■fiKIISiB 


<? .57* t<r 


/ 0 

' AVERAGE 

VOLTS 

PRESS 

VOLTS 

MILLIWATTS 

M 

hZS 

0 

. ?79 

0 

mm 

O.Vl 

t2S* 

0 

. ?6? 

0 

• 151 

o .ns 

m 

0 

. ?27 

m 

. 392. 

0.212 

1 

0 

■ 113 

0 

- 598 

0.90L 

ns ! 

0 

• 69 9 

0 

- 977 

0.6971 

us* 

0 

.Sit 

m 

.69 

0-5*1 

us* 

m 

warn 

2 

.93 


50 


O .395* 

il9 

O .36? 

+5 

0.176 




(7 .99? 

liS* 


0 . NIX 


3 . 90 


20 

O .3/2 

t/9 

0 .282 

+5* 

0.2?7 

+ 4 

0 "32S" 

2 l 

0 .102 

ns 

0 

• 323 

10 

O .256 


0 .XIH 

-IS 

0.230 

■t6 

0 .266 


0 .352 

* 2 S 

0 

. 266 

5 

O .206 

tIM 

0 .nt 

m 

o .111 

25 

<7 .2/0 

n 

0 . 302 

ns 

9 

, 2/1 

2 * 

O ./V3 

-H 3 

0.109 

t 3 


25 

o./io 

n 

<2.23? 

ns 

o 

. /SO 

1 

O .097 

m 

O .067 

B 

0 .020 

25 

0.082 

n 

<?./?? 

129 

0 

./ OS ' 

0.5 

O .061 

112 

0 .028 

13 

0.01 9 

ty 

0.056 

n 

0 ./n 

+23 

D — 

• 068 

0.2 

O .032 

m 

0,01? 

+3 

0.021 

tv 

0 .016 

n 

0.087 

120 

0 

.037 



0.1 


0 ,012 


til 


0 .010 


0 . 0/3 




0 . 0/ 5 


+ 7 


o.osn t/<j 


■ an 


5*. 2? 


i. Tef |or\ated J Sintered nickel plajue 
awiih'ary electrode 

if. Resistance fraductwj maximum 
po-wer 


POWER = L. Watts 
R 


, Milliwatts 
10 3 — Raft 


: Milliwatts 


17 
































































































































































































DEPARTMENT OF THE NAVY 
NAVAL AMMUNITION DEPOT 

CRANE, INDIANA 47822 


From: Commanding Offi cer, Naval Ammunition Depot, Crane, Indiana 
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